In this presentation we will use examples from the Valhall Field to demonstrate the effects of production induced stress state changes in the overburden shales. Our understanding of the deformation and associated stress changes are based on geomechanical modeling. Full field geomechanical modeling of the field has been done routinely since the late 80's. The primary focus was initially on predicting subsidence of at the platform location, but the geomechanical modeling has also been successful in optimizing overburden casing design and lately had significant impact in reducing non-productive-drilling time by guiding the planning and drilling of new wells.
The Valhall field is located in the southern part of the Norwegian North Sea. The field has been on production since 1982. The primary reservoir is a highly porous chalk from the late Cretaceous Tor formation. The field is compacting during depletion, resulting in subsidence in the overburden and at seafloor. The combination of a dynamic overburden and a weak reservoir complicates the planning and drilling of new wells. Well life is also challenged do to the non-uniform deformation. The subsidence is measured at the surface by GPS stations, while radioactive bullets behind casing are being used in the wells. Subsidence at seafloor is currently exceeding 6 meters, while the subsidence just above the reservoir is in the order of 10-11m.
The thickness of the reservoir varies significantly laterally in the field, and ranges from 0-70 m. Structurally the field is a major inversion structure, and the thickness are controlled by the collapse structure associated with the alpine progeny phases, during late Maastricthian /Danian. The result is 5-6 localized minor basin separated by thinner highs. This thickness distribution combined with the low permeability of the chalk, and the production history has significant impact on the stress redistribution and result in a somewhat complex stress arching in the overburden.
Seismic waves are very sensitive to stress redistribution. Several 3D surveys have been acquired during the various stages of the field. Marine streamer seismic covers the time span from 1992 to 2002, while eleven surveys have been acquired across the permanent seismic array since the installation across the field in 2003. These surveys has been used to generated 4D images, reflecting the effects of the stress state changes, and reveal intriguing examples related to anisotropy effects and stress arching. A dedicated forward modeling scheme has been implemented in order to predict the stress changes using geomechanical modeling and to translate this to changes in elastic properties using a dedicated rock physics model for shale.
The geomechanical prediction model is based on a history-matched FEM model, including a constitutive model that robustly accounts for strain rate dependent reservoir compaction during depletion, re-pressurisation and waterflooding. The constitutive deformation model is driven by pore pressure and watersaturation changes calculated by a reservoir flow model which are imported into the geomechanics model. By comparing the time it takes to drill specific sections, it appears that drilling performance has detoriated with time at Valhall. Changes in stress state associated with the subsidence are believed to be the reason for this. A few years back, use of geomechanical modeling for predicting the subsidence effects was included as a routine task in the well planning work flow. Since then several of the new wells trajectories has been modified to minimize possible undesired stress states with high deviatoric stress, resulting in significant improved drilling performance.
The poster presentation shows examples of observed geomechanical effects in 4D seismic data and explains the observations by geomechanical modeling and laboratory observations. We also include an example of the use of geomechanical modeling to define the stress state changes and the impact this had on planning a new well trajectory and we will show how these results are consistent with 4D seismic observations. 
